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Abstract
Background: The term health literacy refers to the abilities and resources required to find, understand and use health
information in managing health. This definition is reflected in the recent development of multidimensional health
literacy tools that measure multiple facets of health literacy. The aim of this study was to determine the health
literacy profile of a randomly selected, population-based sample of Australian women using a multidimensional
tool, the Health Literacy Questionnaire (HLQ). A second aim was to investigate associations between independent
HLQ scales, sociodemographic characteristics and lifestyle and anthropometric risk factors for chronic disease.
Methods: We surveyed women involved in the Geelong Osteoporosis Study (GOS), a longitudinal, population-based
study. We included demographic data, lifestyle information and anthropometric measures as well as the HLQ. The HLQ
has 44 items, scored on either 4- or 5-point scales, within nine conceptually distinct scales. Means for each scale were
calculated, and HLQ scales were regressed on educational level and socioeconomic status. Risk factors for chronic
disease were investigated using analysis of variance (ANOVA) and calculation of effect sizes.
Results: Higher mean scores were seen for the scales ‘Feeling understood and supported by healthcare professionals’
(mean 3.20, ± SD 0.52) and ‘Understanding health information well enough to know what to do’ (mean 4.28, ±SD 0.54),
and lower mean scores were seen for ‘Appraisal of health information’ (mean 2.81, ±SD 0.48) and ‘Navigating the
healthcare system’ (mean 4.09, ± SD 0.57). Associations were also seen between lower HLQ scores and poor
health behaviours including smoking and being more sedentary, in addition to greater body mass index and
waist circumference. Positive gradients were seen between several HLQ scales and education level, as well as
SES. For some HLQ scales, these associations were non-linear.
Conclusions: The profile of this population-based cohort of women demonstrated associations between low
health literacy and low SES, lower levels of education, increasing age, and anthropometric and lifestyle risk factors for
chronic disease. These findings suggest implications of health literacy for health policy makers focusing on improving
lifestyle prevention of chronic disease and promoting health equity at a population level.
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Background
Health literacy is defined by the World Health Organization
(WHO) as ‘the cognitive and social skills which determine
the motivation and ability of individuals to gain access to,
understand and use information in ways which promote
and maintain good health’ [1].
Previous research has estimated that 59% of Australian
adults do not have adequate health literacy skills to manage
their health [2]. This figure is comparable to similar
high-income countries including Canada and New Zealand
[3]. Within the general population there are groups more
likely to report low health literacy. These include culturally
and linguistically diverse (CALD) populations, individuals
with lower income or education level and older adults
[4–6] There is emerging evidence to suggest that low
health literacy may be a mediator in the relationship
between social disadvantage and poor health behaviours
and outcomes [7, 8].
While the relationship between low health literacy and
poorer management of chronic disease has previously
been established [9–11], evidence suggests low health lit-
eracy may also influence lifestyle prevention of chronic
disease. Associations between higher health literacy and
some lifestyle behaviours including healthier diet and in-
creased physical activity have been demonstrated [12–17].
However, associations between health literacy and smoking
and alcohol intake have been inconsistent [12, 16, 18, 19],
potentially due to the variation between study populations
and health literacy measures used.
Prevention and management of chronic disease is com-
plex and requires a broad range of health literacy abilities
and supports. However, the majority of previous health lit-
eracy research has investigated only a narrow set of basic
literacy and numeracy skills applied to health [20–23].
More recently, a number of multidimensional tools have
been developed that enable researchers to investigate a
range of abilities and contextual factors associated with
health literacy [24–27]. To date, research that has employed
multidimensional measures of health literacy has focused
on specific populations such as university students [28, 29],
recently hospitalised individuals [4, 5] and patients groups
[13, 30]. There is comparatively little data investigating
health literacy in the broader population.
Further research is required to understand the broad
range of health literacy abilities and supports in the wider
population and the role they play in the uptake of lifestyle
recommendations for the prevention of chronic disease.
This information would assist in informing public policy,
allocating resources and developing interventions to ad-
dress low health literacy and reduce health inequalities at
a population level [31].
The current study aims to address gaps in the litera-
ture using a multidimensional health literacy measure,
the Health Literacy Questionnaire (HLQ), in a
population-based sample of women. The HLQ is a multi-
dimensional tool developed in Australia using a grounded
approach [24]. Preliminary work has shown the HLQ
has acceptable measurement properties and measures
health literacy across nine distinct domains [24, 32].
The HLQ is a widely used measure of health literacy,
having been translated and used in many countries
across the world [4–6, 29, 33]. Aside from one Danish
study, which included two of the nine scales that make
up the HLQ to assess health literacy in the general popu-
lation [6], the full HLQ has not yet been applied to the
general population.
The aim of this study was to describe the health literacy
profile of a randomly recruited population-based sample
of women participating in a cohort study based in
south-eastern Australia. A second aim was to investigate
whether there were any associations between HLQ scales
and socio-demographic characteristics and risk factors for
chronic disease.
Method
Participants
Data were collected from women participating in the
prospective, population-based Geelong Osteoporosis Study
(GOS); the GOS protocol has been published elsewhere
[34]. In brief, a cohort of 1494 women was randomly re-
cruited from the general population between 1993 and
1997 (77.1% participation) with a further 246 women
aged 20–29 years recruited at the same time as the
10-year follow up. All participants enrolled in the GOS
in December 2014 were sent the HLQ to complete, with
data collection continuing until March 2016. All partici-
pants gave written, informed consent to be involved in
the GOS. The Barwon Health Human Research Ethics
Committee approved the study.
Data collection
Participants completed the HLQ online or via post.
Participants who required assistance in completing the
questions were given the opportunity to have a friend
or relative assist as well as being offered the option of
completing the questionnaire over the phone with a mem-
ber of the research team. A question within the HLQ itself
captured information regarding whether or not partici-
pants had been assisted in completing the questionnaire
and, if so, in what way they were assisted. Electronic data
were collected via the Research Electronic Data Capture
(REDCap) tool [35] hosted by Barwon Health, which was
also used to enter and manage hard copy questionnaires.
Measure
The HLQ is a 44-item, multidimensional tool that deter-
mines health literacy scores across nine conceptually dis-
tinct domains, each measured by an independent scale.
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Previous research has determined the nine scales of the
HLQ measure separate health literacy constructs and
have good internal consistency and reliability [24, 32].
The nine scales that comprise the HLQ are:
1. Feeling understood and supported by healthcare
providers
2. Having sufficient information to manage my health
3. Actively managing my health
4. Social support for health
5. Appraisal of health information
6. Ability to actively engage with healthcare providers
7. Navigating the healthcare system
8. Ability to find good health information
9. Understand health information well enough to
know what to do [24].
Each scale includes between four and six items.
Scales 1–5 encompass items scored on a 4-point scale
(strongly disagree, disagree, agree, and strongly agree)
and reflect an individual’s supports, motivation and
confidence in managing their health. Scales 6–9 are
scored on a 5-point scale (cannot do, very difficult,
quite difficult, easy, and very easy) and broadly cap-
ture an individual’s capability to engage with, and use
health information and health services, often based on
lived experiences [24].
Data, including education level, health conditions, current
smoking, possession of a healthcare card (a concession card
available to individuals on low-income receiving govern-
ment payments), private health insurance, and physical
activity level (determined by a 5-level mobility scale and
analysed as ‘active’ or ‘sedentary’), were self-reported. High-
est level of education was recorded as one of five different
levels (‘Primary school or less’, ‘Secondary education (not
completed)’, ‘Secondary education (completed)’, ‘Technical
and Further Education (TAFE)/Trade’ and ‘University’).
Due to small counts in the lowest education group (n = 28),
the two lower levels of educational attainment were com-
bined for analyses.
Alcohol consumption was determined using the Victorian
Cancer Council Food Frequency Questionnaire [36] and
categorised as meeting or exceeding National Health and
Medical Research Council (NHMRC) of Australia guide-
lines of two standard drinks or less per day [37]. Height
and weight were to the nearest 0.1 cm and 0.1 kg, re-
spectively. Body mass index (BMI) was calculated as
(weight in kg)/(height in metres)2. Waist circumference
(minimal abdominal) was measured using an anthropomet-
ric tape measure and categorised as < 80 cm or ≥ 80 cm as
per NHMRC guidelines [38].
Area based socioeconomic status (SES) was determined
using the Australian Bureau of Statistic (ABS) Index of
Relative Socio-economic Advantage and Disadvantage
(IRSAD). The IRSAD is a calculation of the level of social
advantage/disadvantage based on 2011 ABS census data
for each ABS Census Collection District, an area that
encompasses approximately 250 households. Participant
residential addresses were matched with corresponding
ABS collection district to determine values according
to the Socio Economic Indexes For Areas (SEIFA), from
which IRSAD scores were ascertained and used to cat-
egorise area-level SES into quintiles, whereby quintile 1
was the most disadvantaged and quintile 5 was the most
advantaged [39].
Analyses
Missing values for HLQ items were imputed using the
expectation maximisation (EM) algorithm, as previously
employed by Beauchamp et al. [4]. The EM algorithm
imputes values for scales where there are no more than
2 values missing from 4 to 5 item scales and no more
than 3 values missing from 6 item scales.
Effect sizes (ES) were calculated using Cohen’s d [40]
for differences in mean HLQ scale scores between demo-
graphic groups; ES of 0.20 to 0.50, 0.5 to 0.80 and > 0.80
were considered small, medium, and large, respectively.
For all HLQ scales, assumptions of normal distribution
were not met, although responses covered the full range
of each scales, with modest floor and ceiling effects. A
number of scales also violated homogeneity of variances.
We therefore used robust analysis of variance (ANOVA)
for analysis of demographic differences in HLQ scores,
using the Welch method for scales that violated homogen-
eity of variances.
Linear regression analyses were used to investigate
associations between HLQ scale scores and SES and
education level. Associations between HLQ scale scores
and education level and SES quintile are presented as
predicted means and p-values, comparing the mean scale
score for categories 2–4 against the mean scale score for
category 1. Post-hoc analysis was undertaken to investi-
gate the relationship between age and alcohol intake.
Analyses were undertaken using SPSS version 22 and
Minitab (version 16; Minitab, State College, PA).
Results
Of 1032 women sent the HLQ, 20 had died, 264 could
not be contacted, and 35 did not participate due to rea-
sons including illness, age, time restraints and lack of
interest. Thus, 713 women provided HLQ data and
were included in this analysis. Twenty-six women
were assisted to complete the questionnaire over the
telephone and a further 16 women were assisted by a
friend or relative.
Participant characteristics are presented in Table 1.
Participant SES spanned all IRSAD levels, with similar
proportions observed in the most disadvantaged (14.9%)
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and the most advantaged (16.9%) quintiles. Only 5 (0.71%)
participants reported speaking a language other than English
at home and 69 (10.4%) reported current smoking.
Almost two-thirds of participants (n = 435) had a BMI
≥25 kg/m2 and 464 (70.5%) had a waist circumference
of ≥80 cm.
Mean HLQ scale scores are shown in Table 2. The
highest mean score for scales 1–5 was observed for
Scale 1. ‘Feeling understood and supported by health-
care professionals’ (mean 3.20, ± SD 0.52) while the
lowest mean score was observed for Scale 5. ‘Ap-
praisal of health information’ (mean 2.81, ± SD 0.48).
Scale 9. ‘Understand health information well enough
to know what to do’ displayed the highest score of
scales 6–9 (mean 4.28, ± SD 0.54), while Scale 7.
‘Navigating the healthcare system’ displayed the low-
est mean score (mean 4.09, ± SD 0.57).
Tables 3 and 4 summarise the association between
sociodemographic characteristics and anthropometric
and lifestyle risk-factors, and the nine HLQ scales. ES
observed for differences in mean HLQ scale scores be-
tween sociodemographic groups were all small (0.20
to 0.50). The largest ES was 0.45, which related to dif-
ferences in mean scale scores for Scale 8. ‘Ability to
find good health information’ between age < 65 vs
≥65 years (ES 0.45, 95%CI 0.40 to 0.54), self-reported
health conditions < 3 vs ≥3 (ES 0.45, 95% CI 0.41 to
0.57) and also sedentary vs active physical activity (ES
0.45, 95%CI 0.40 to 0.56). Being born overseas was as-
sociated with lower mean scores in Scale 2. ‘Having
sufficient information to manage health’ (ES 0.30, 95%
CI 0.26 to 0.38) and Scale 8. ‘Ability to find good
health information’ (ES 0.26, 95% CI 0.21 to 0.39).
Having private health insurance was associated with
higher mean scores in the greatest number of HLQ
Table 1 Participant characteristics (n = 713) given as n (%) or
median (IQR)
Demographic characteristics n (%) or median
(IQR)
missing data n
Age 59.1 (45.2–70.2) 0
Lives alone 138 (19.8) 16
Secondary education incomplete 240 (33.8) 2
Education (4 levels) 2
Secondary education (incomplete) 240 (33.8)
Secondary education (complete) 146 (20.5)
TAFE/Trade 141 (19.8)
University 184 (25.9)
Private health insurance 496 (71.0) 14
Health care concession card 283 (40.5) 15
Born in Australia 614 (86.2) 1
English spoken at home 706 (99.3) 7
IRSAD Quintiles 37
1 (most disadvantaged) 101 (14.9)
2 72 (10.7)
3 258 (38.2)
4 131 (19.4)
5 (least disadvantaged) 114 (16.9)
≥3 Health conditions 143 (20.1) 22
BMI ≥25 435 (66.3) 57
Waist circumference ≥ 80 cm 464 (70.5) 55
Sedentary activity 163 (24.5) 48
Current smoking 69 (10.4) 47
> 2 glasses alcohol per day 160 (24.1) 48
BMI body mass index, IRSAD Index of Relative Socioeconomic Advantage
and Disadvantage
Table 2 HLQ scores for each of the 9 scales (n= 712) given as mean with standard deviation (±SD), and 95% confidence interval [95% CI]
Scale HLQ Scale Mean (±SD) [95% CI] Missing data (n)
Range 1–4
(lowest - highest)
1 Feeling understood and supported by healthcare professionals 3.20 (0.52) [3.16, 3.23] 1
2 Having sufficient information to manage my health 3.07 (0.44) [3.04, 3.11] 1
3 Actively managing my health 2.99 (0.49) [2.95, 3.02] 3
4 Social support for health 3.08 (0.50) [3.05, 3.12] 2
5 Appraisal of health information 2.81 (0.48) [2.77, 2.84] 3
Range 1–5
(lowest - highest)
6 Ability to actively engage with healthcare professionals 4.17 (0.58) [4.13, 4.21] 9
7 Navigating the healthcare system 4.09 (0.57) [4.05, 4.13] 10
8 Ability to find good health information 4.11 (0.59) [4.06, 4.15] 10
9 Understand health information well enough to know what to do 4.28 (0.54) [4.24, 4.32] 9
Hosking et al. BMC Public Health  (2018) 18:876 Page 4 of 14
Ta
b
le
3
H
ea
lth
lit
er
ac
y
sc
or
es
by
so
ci
od
em
og
ra
ph
ic
ch
ar
ac
te
ris
tic
s
Sc
al
e
1.
Fe
el
in
g
un
de
rs
to
od
an
d
su
pp
or
te
d
by
he
al
th
ca
re
pr
ov
id
er
s
Sc
al
e
2.
H
av
in
g
su
ffi
ci
en
t
in
fo
rm
at
io
n
to
m
an
ag
e
m
y
he
al
th
Sc
al
e
3.
A
ct
iv
el
y
m
an
ag
in
g
m
y
he
al
th
Sc
al
e
4.
So
ci
al
su
pp
or
t
fo
r
he
al
th
Sc
al
e
5.
A
pp
ra
is
al
of
he
al
th
in
fo
rm
at
io
n
Sc
al
e
6.
A
bi
lit
y
to
ac
tiv
el
y
en
ga
ge
w
ith
he
al
th
ca
re
pr
ov
id
er
s
Sc
al
e
7.
N
av
ig
at
in
g
th
e
he
al
th
ca
re
sy
st
em
Sc
al
e
8.
A
bi
lit
y
to
fin
d
go
od
he
al
th
in
fo
rm
at
io
n
Sc
al
e
9.
U
nd
er
st
an
di
ng
he
al
th
in
fo
rm
at
io
n
w
el
le
no
ug
h
to
kn
ow
w
ha
t
to
do
M
ea
n
sc
or
e
(±
SD
)
Sc
or
e
ra
ng
e
1–
4
Sc
or
e
ra
ng
e
1–
5
A
ge
<
65
3.
17
(0
.5
5)
n
=
45
5
3.
10
(0
.4
4)
n
=
45
5
2.
98
(0
.5
3)
n
=
45
4
3.
07
(0
.5
1)
n
=
45
5
2.
83
(0
.4
9)
n
=
45
5
4.
18
(0
.5
5)
n
=
45
1
4.
11
(0
.5
4)
n
=
45
1
4.
20
(0
.5
1)
n
=
45
1
4.
34
(0
.4
8)
n
=
45
1
≥
65
3.
23
(0
.4
6)
n
=
25
7
3.
02
(0
.4
2)
n
=
25
7
2.
99
(0
.4
0)
n
=
25
6
3.
11
(0
.4
8)
n
=
25
6
2.
77
(0
.4
7)
n
=
25
5
4.
15
(0
.6
1)
n
=
25
3
4.
05
(0
.6
4)
n
=
25
2
3.
94
(0
.6
8)
n
=
25
2
4.
16
(0
.6
2)
n
=
25
3
Ef
fe
ct
siz
e
fo
r
ag
e
(9
5%
CI
)
−
0.
12
(−
0.
06
,−
0.
17
)
0.
19
(0
.1
4,
0.
24
)
−
0.
02
(−
0.
07
,0
.0
3)
−
0.
08
(−
0.
06
,0
.1
3)
0.
12
(0
.0
8,
0.
18
)
0.
05
(0
.0
0,
0.
13
)
0.
10
(0
.0
5,
0.
18
)
0.
45
(0
.4
0,
0.
54
)
0.
34
(0
.2
9,
0.
41
)
Li
ve
al
on
e
N
o
3.
21
(0
.5
1)
n
=
55
9
3.
09
(0
.4
3)
n
=
55
9
2.
98
(0
.4
9)
n
=
55
8
3.
10
(0
.4
9)
n
=
55
8
2.
81
(0
.4
7)
n
=
55
8
4.
19
(0
.5
5)
n
=
55
7
4.
11
(0
.5
4)
n
=
55
7
4.
14
(0
.5
6)
n
=
55
7
4.
23
(0
.5
1)
n
=
55
7
Ye
s
3.
17
(0
.5
6)
n
=
13
7
3.
04
(0
.4
8)
n
=
13
7
3.
02
(0
.4
4)
n
=
13
7
3.
03
(0
.5
3)
n
=
13
7
2.
79
(0
.5
3)
n
=
13
6
4.
11
(0
.6
7)
n
=
13
5
4.
04
(0
.6
9)
n
=
13
4
3.
99
(0
.6
8)
n
=
13
4
4.
17
(0
.6
5)
n
=
13
5
Ef
fe
ct
siz
e
fo
r
liv
e
al
on
e
(9
5%
CI
)
0.
08
(0
.0
3,
0.
17
)
0.
11
(0
.0
8,
0.
19
)
−
0.
08
(−
0.
12
,−
0.
01
)
0.
14
(0
.1
0,
0.
23
)
0.
04
(0
.0
0,
0.
13
)
0.
14
(0
.0
9,
0.
25
)
0.
12
(0
.0
8,
0.
24
)
0.
26
(0
.2
1,
0.
37
)
0.
11
(0
.0
7,
0.
22
)
Bo
rn
ov
er
se
as
N
o
3.
20
(0
.5
3)
n
=
61
3
3.
09
(0
.4
4)
n
=
61
3
2.
99
(0
.4
9)
n
=
61
1
3.
08
(0
.5
0)
n
=
61
2
2.
81
(0
.4
8)
n
=
61
1
4.
17
(0
.5
8)
n
=
60
6
4.
10
(0
.5
7)
n
=
60
5
4.
13
(0
.5
7)
n
=
60
5
4.
29
(0
.5
3)
n
=
60
6
Ye
s
3.
20
(0
.4
6)
n
=
98
2.
96
(0
.4
4)
n
=
98
2.
94
(0
.4
5)
n
=
98
3.
10
(0
.4
9)
n
=
98
2.
76
(0
.5
1)
n
=
98
4.
17
(0
.5
7)
n
=
98
4.
07
(0
.5
8)
n
=
98
3.
97
(0
.6
9)
n
=
98
4.
20
(0
.6
0)
n
=
98
Ef
fe
ct
siz
e
fo
r
liv
e
al
on
e
(9
5%
CI
)
0.
00
(−
0.
04
,0
.0
9)
0.
30
(0
.2
6,
0.
38
)
0.
10
(0
.0
6,
0.
19
)
−
0.
04
(−
0.
08
,0
.0
6)
0.
10
(0
.0
7,
0.
20
)
0.
00
(−
0.
05
,0
.1
1)
0.
05
(0
.0
1,
0.
17
)
0.
26
(0
.2
1,
0.
39
)
0.
17
(0
.1
2,
0.
29
)
H
ea
lth
ca
re
ca
rd
N
o
3.
19
(0
.5
4)
n
=
41
5
3.
13
(0
.4
3)
n
=
41
5
3.
02
(0
.5
2)
n
=
41
5
3.
12
(0
.4
8)
n
=
41
5
2.
84
(0
.4
8)
n
=
41
4
4.
22
(0
.5
5)
n
=
41
2
4.
13
(0
.5
4)
n
=
41
1
4.
22
(0
.5
0)
n
=
41
1
4.
36
(0
.4
9)
n
=
41
2
Ye
s
3.
22
(0
.4
9)
n
=
28
2
3.
01
(0
.4
4)
n
=
28
2
2.
95
(0
.4
3)
n
=
28
1
3.
05
(0
.5
2)
n
=
28
1
2.
75
(0
.4
9)
n
=
28
1
4.
12
(0
.6
0)
n
=
27
9
4.
06
(0
.5
9)
n
=
27
9
3.
97
(0
.6
5)
n
=
27
9
4.
18
(0
.5
7)
n
=
27
9
Ef
fe
ct
siz
e
fo
r
H
C
ca
rd
(9
5%
CI
)
−
0.
06
(−
0.
11
,0
.0
0)
0.
28
(0
.2
4,
0.
33
)
0.
14
(0
.0
9,
0.
19
)
0.
14
(0
.1
0,
0.
20
)
0.
19
(0
.1
4,
0.
24
)
0.
18
(0
.1
2,
0.
25
)
0.
13
(0
.0
7,
0.
19
)
0.
44
(0
.3
9,
0.
52
)
0.
34
(0
.3
0,
0.
41
)
Pr
iv
at
e
he
al
th
in
su
ra
nc
e
Ye
s
3.
24
(0
.5
1)
n
=
49
5
3.
11
(0
.4
3)
n
=
49
5
3.
02
(0
.4
9)
n
=
49
5
3.
12
(0
.4
7)
n
=
49
5
2.
83
(0
.4
8)
n
=
49
4
4.
22
(0
.5
4)
n
=
49
0
4.
14
(0
.5
5)
n
=
48
9
4.
15
(0
.5
7)
n
=
48
9
4.
32
(0
.5
2)
n
=
49
0
N
o
3.
10
(0
.5
4)
n
=
20
3
3.
00
(0
.4
5)
n
=
20
3
2.
91
(0
.4
8)
n
=
20
3
3.
01
(0
.5
6)
n
=
20
3
2.
75
(0
.4
9)
n
=
20
3
4.
05
(0
.6
4)
n
=
20
2
4.
00
(0
.6
3)
n
=
20
2
4.
02
(0
.6
3)
n
=
20
2
4.
17
(0
.5
8)
n
=
20
2
Ef
fe
ct
siz
e
fo
r
in
su
ra
nc
e
(9
5%
CI
)
0.
27
(0
.2
1,
0.
34
)
0.
25
(0
.2
1,
0.
31
)
0.
23
(0
.1
8,
0.
29
)
0.
22
(0
.1
8,
0.
30
)
0.
17
(0
.1
2,
0.
23
)
0.
30
(0
.2
5,
0.
30
)
0.
24
(0
.2
0,
0.
33
)
0.
22
(0
.1
7,
0.
31
)
0.
28
(0
.2
3,
0.
36
)
Hosking et al. BMC Public Health  (2018) 18:876 Page 5 of 14
Ta
b
le
3
H
ea
lth
lit
er
ac
y
sc
or
es
by
so
ci
od
em
og
ra
ph
ic
ch
ar
ac
te
ris
tic
s
(C
on
tin
ue
d)
Sc
al
e
1.
Fe
el
in
g
un
de
rs
to
od
an
d
su
pp
or
te
d
by
he
al
th
ca
re
pr
ov
id
er
s
Sc
al
e
2.
H
av
in
g
su
ffi
ci
en
t
in
fo
rm
at
io
n
to
m
an
ag
e
m
y
he
al
th
Sc
al
e
3.
A
ct
iv
el
y
m
an
ag
in
g
m
y
he
al
th
Sc
al
e
4.
So
ci
al
su
pp
or
t
fo
r
he
al
th
Sc
al
e
5.
A
pp
ra
is
al
of
he
al
th
in
fo
rm
at
io
n
Sc
al
e
6.
A
bi
lit
y
to
ac
tiv
el
y
en
ga
ge
w
ith
he
al
th
ca
re
pr
ov
id
er
s
Sc
al
e
7.
N
av
ig
at
in
g
th
e
he
al
th
ca
re
sy
st
em
Sc
al
e
8.
A
bi
lit
y
to
fin
d
go
od
he
al
th
in
fo
rm
at
io
n
Sc
al
e
9.
U
nd
er
st
an
di
ng
he
al
th
in
fo
rm
at
io
n
w
el
le
no
ug
h
to
kn
ow
w
ha
t
to
do
M
ea
n
sc
or
e
(±
SD
)
Sc
or
e
ra
ng
e
1–
4
Sc
or
e
ra
ng
e
1–
5
H
ea
lth
co
nd
iti
on
s
<
3
3.
19
(0
.5
1)
n
=
57
0
3.
09
(0
.4
1)
n
=
57
0
2.
99
(0
.4
9)
n
=
56
8
3.
12
(0
.4
6)
n
=
56
9
2.
81
(0
.4
8)
n
=
56
8
4.
21
(0
.5
4)
n
=
56
4
4.
12
(0
.5
4)
n
=
56
3
4.
16
(0
.5
4)
n
=
56
3
4.
31
(0
.5
1)
n
=
56
4
≥
3
3.
22
(0
.5
7)
n
=
14
2
3.
00
(0
.5
4)
n
=
14
2
2.
96
(0
.4
9)
n
=
14
2
2.
94
(0
.6
0)
n
=
14
2
2.
80
(0
.5
1)
n
=
14
2
4.
02
(0
.6
8)
n
=
14
0
3.
97
(0
.6
7)
n
=
14
0
3.
90
(0
.7
1)
n
=
14
0
4.
14
(0
.6
3)
n
=
14
0
Ef
fe
ct
siz
e
fo
r
co
nd
iti
on
s
(9
5%
CI
)
−
0.
06
(−
0.
10
,0
.0
4)
0.
21
(0
.1
7,
0.
29
)
0.
06
(0
.0
2,
0.
14
)
0.
37
(0
.3
3,
0.
47
)
0.
02
(−
0.
02
,0
.1
0)
0.
33
(0
.2
9,
0.
45
)
0.
26
(0
.2
2,
0.
38
)
0.
45
(0
.4
1,
0.
57
)
0.
32
(0
.2
8,
0.
42
)
Re
su
lts
in
bo
ld
in
di
ca
te
a
p-
va
lu
e
<
0.
05
fo
r
di
ff
er
en
ce
in
m
ea
ns
te
st
ed
us
in
g
on
e-
w
ay
A
N
O
VA
ES
ca
lc
ul
at
ed
us
in
g
C
oh
en
’s
d.
ES
ar
e
in
te
rp
re
te
d
as
“S
m
al
l”
>
0.
2–
0.
5,
“M
od
er
at
e”
>
0.
5–
0.
8,
“L
ar
ge
”
>
0.
8
Hosking et al. BMC Public Health  (2018) 18:876 Page 6 of 14
Ta
b
le
4
M
ea
n
he
al
th
lit
er
ac
y
sc
or
es
(±
SD
)
an
d
ef
fe
ct
si
ze
s
(9
5%
C
I)
ac
ro
ss
an
th
ro
po
m
et
ric
an
d
lif
es
ty
le
ris
k
fa
ct
or
s
Sc
al
e
1.
Fe
el
in
g
un
de
rs
to
od
an
d
su
pp
or
te
d
by
he
al
th
ca
re
pr
ov
id
er
s
Sc
al
e
2.
H
av
in
g
su
ffi
ci
en
t
in
fo
rm
at
io
n
to
m
an
ag
e
m
y
he
al
th
Sc
al
e
3.
A
ct
iv
el
y
m
an
ag
in
g
m
y
he
al
th
Sc
al
e
4.
So
ci
al
su
pp
or
t
fo
r
he
al
th
Sc
al
e
5.
A
pp
ra
is
al
of
he
al
th
in
fo
rm
at
io
n
Sc
al
e
6.
A
bi
lit
y
to
ac
tiv
el
y
en
ga
ge
w
ith
he
al
th
ca
re
pr
ov
id
er
s
Sc
al
e
7.
N
av
ig
at
in
g
th
e
he
al
th
ca
re
sy
st
em
Sc
al
e
8.
A
bi
lit
y
to
fin
d
go
od
he
al
th
in
fo
rm
at
io
n
Sc
al
e
9.
U
nd
er
st
an
di
ng
he
al
th
in
fo
rm
at
io
n
w
el
le
no
ug
h
to
kn
ow
w
ha
tt
o
do
M
ea
n
sc
or
e
(±
SD
)
Sc
or
e
ra
ng
e
1–
4
Sc
or
e
ra
ng
e
1–
5
BM
I(
kg
/m
2 )
< 25
3.
17
(0
.5
3)
n
=
22
0
3.
11
(0
.4
1)
n
=
22
0
3.
10
(0
.5
0)
n
=
21
9
3.
15
(0
.4
3)
n
=
21
9
2.
85
(0
.4
8)
n
=
21
9
4.
19
(0
.5
4)
n
=
21
6
4.
13
(0
.5
4)
n
=
21
6
4.
16
(0
.5
4)
n
=
21
6
4.
29
(0
.5
2)
n
=
21
6
≥
25
3.
23
(0
.4
9)
n
=
43
5
3.
07
(0
.4
3)
n
=
43
5
2.
93
(0
.4
7)
n
=
43
4
3.
06
(0
.5
1)
n
=
43
5
2.
79
(0
.4
9)
n
=
43
5
4.
19
(0
.5
6)
n
=
43
2
4.
10
(0
.5
4)
n
=
43
1
4.
11
(0
.5
7)
n
=
43
1
4.
29
(0
.5
0)
n
=
43
2
Ef
fe
ct
siz
e
fo
r
BM
I(
95
%
CI
)
−
0.
12
(−
0.
19
,−
0.
07
)
0.
09
(0
.0
4,
0.
14
)
0.
35
(0
.2
9,
0.
40
)
0.
19
(0
.1
3,
0.
23
)
0.
12
(0
.0
6,
0.
17
)
0.
00
(−
0.
07
,0
.0
5)
0.
05
(−
0.
02
,0
.1
1)
0.
09
(0
.0
2,
0.
14
)
0.
00
(−
0.
07
,0
.0
5)
W
ai
st
ci
rc
um
fe
re
nc
e
(c
m
)
< 80
3.
19
(0
.5
2)
n
=
19
4
3.
14
(0
.4
2)
n
=
19
4
3.
11
(0
.5
3)
n
=
19
4
3.
17
(0
.4
5)
n
=
19
4
2.
85
(0
.4
9)
n
=
19
4
4.
19
(0
.5
9)
n
=
19
1
4.
14
(0
.5
9)
n
=
19
1
4.
20
(0
.5
9)
n
=
19
1
4.
33
(0
.5
6)
n
=
19
1
≥
80
3.
22
(0
.5
0)
n
=
46
3
3.
06
(0
.4
2)
n
=
46
3
2.
93
(0
.4
6)
n
=
46
1
3.
06
(0
.5
0)
n
=
46
2
2.
79
(0
.4
8)
n
=
46
2
4.
18
(0
.5
4)
n
=
45
9
4.
09
(0
.5
3)
n
=
45
8
4.
08
(0
.5
6)
n
=
45
8
4.
27
(0
.5
0)
n
=
45
9
Ef
fe
ct
siz
e
fo
r
w
ai
st
(9
5%
CI
)
−
0.
06
(−
0.
13
,−
0.
01
)
0.
19
(0
.1
3,
0.
23
)
0.
37
(0
.3
0,
0.
42
)
0.
23
(0
.1
6,
0.
27
)
0.
12
(0
.0
6,
0.
17
)
0.
02
(−
0.
07
,0
.0
7)
0.
09
(0
.0
1,
0.
14
)
0.
21
(0
.1
3,
0.
26
)
0.
12
(0
.0
4,
0.
16
)
Se
de
nt
ar
y
N
o
3.
20
(0
.5
0)
n
=
50
2
3.
09
(0
.4
0)
n
=
50
2
3.
03
(0
.4
9)
n
=
50
0
3.
10
(0
.4
9)
n
=
50
1
2.
81
(0
.4
9)
n
=
50
1
4.
22
(0
.5
4)
n
=
49
5
4.
14
(0
.5
3)
n
=
49
4
4.
18
(0
.5
2)
n
=
49
4
4.
34
(0
.4
9)
n
=
49
5
Ye
s
3.
26
(0
.5
2)
n
=
16
2
3.
03
(0
.5
2)
n
=
16
2
2.
87
(0
.4
6)
n
=
16
2
3.
06
(0
.5
1)
n
=
16
2
2.
79
(0
.4
9)
n
=
16
2
4.
08
(0
.6
5)
n
=
16
2
4.
00
(0
.6
8)
n
=
16
2
3.
92
(0
.7
3)
n
=
16
2
4.
11
(0
.6
5)
n
=
16
2
Ef
fe
ct
siz
e
fo
r
se
de
nt
ar
y
(9
5%
CI
)
−
0.
12
(−
0.
16
,0
.0
4)
0.
14
(0
.1
0,
0.
22
)
0.
33
(0
.2
9,
0.
40
)
0.
08
(0
.0
4,
0.
16
)
0.
04
(0
.0
0,
0.
12
)
0.
25
(0
.2
0,
0.
35
)
0.
25
(0
.2
0,
0.
35
)
0.
45
(0
.4
0,
0.
56
)
0.
43
(0
.3
9,
0.
53
)
A
lc
oh
ol
-d
rin
ks
pe
r
da
y
≤
2
3.
20
(0
.5
0)
n
=
50
4
3.
06
(0
.4
3)
n
=
50
4
2.
97
(0
.4
8)
n
=
50
3
3.
07
(0
.5
0)
n
=
50
3
2.
80
(0
.4
9)
n
=
50
3
4.
17
(0
.5
7)
n
=
49
8
4.
08
(0
.5
8)
n
=
49
7
4.
09
(0
.6
0)
n
=
49
7
4.
25
(0
.5
5)
n
=
49
8
>
2
3.
24
(0
.5
4)
n
=
16
2
3.
14
(0
.4
2)
n
=
16
0
3.
03
(0
.5
3)
n
=
15
9
3.
15
(0
.4
6)
n
=
16
0
2.
84
(0
.4
8)
n
=
16
0
4.
23
(0
.5
1)
n
=
15
9
4.
16
(0
.5
0)
n
=
15
9
4.
20
(0
.5
0)
n
=
15
9
4.
38
(0
.4
7)
n
=
15
9
Ef
fe
ct
siz
e
fo
r
al
co
ho
l(
95
%
CI
)
−
0.
08
(−
0.
12
,0
.0
0)
−
0.
19
(−
0.
22
,−
0.
12
)
−
0.
12
(−
0.
16
,−
0.
04
)
−
0.
16
(−
0.
21
,−
0.
09
)
−
0.
08
(−
0.
12
,−
0.
01
)
−
0.
11
(−
0.
16
,−
0.
03
)
−
0.
14
(−
0.
19
,−
0.
06
)
−
0.
19
(−
0.
24
,−
0.
11
)
−
0.
24
(−
0.
29
,−
0.
17
)
Sm
ok
in
g
N
o
3.
22
(0
.4
9)
n
=
59
6
3.
08
(0
.4
3)
n
=
59
6
3.
00
(0
.4
8)
n
=
59
4
3.
10
(0
.4
8)
n
=
59
5
2.
81
(0
.4
9)
n
=
59
5
4.
17
(0
.5
6)
n
=
59
0
4.
09
(0
.5
7)
n
=
59
0
4.
11
(0
.5
8)
n
=
58
9
4.
27
(0
.5
4)
n
=
58
9
Ye
s
3.
12
(0
.6
5)
n
=
69
3.
10
(0
.4
9)
n
=
69
2.
84
(0
.5
6)
n
=
69
2.
99
(0
.5
8)
n
=
69
2.
79
(0
.5
1)
n
=
69
4.
23
(0
.6
6)
n
=
69
4.
17
(0
.5
9)
n
=
69
4.
17
(0
.6
8)
n
=
69
4.
40
(0
.5
2)
n
=
69
Ef
fe
ct
siz
e
fo
r
sm
ok
in
g
(9
5%
CI
)
0.
20
(0
.1
6,
0.
35
)
−
0.
04
(−
0.
08
,0
.1
2)
0.
33
(0
.2
9,
0.
46
)
0.
22
(0
.1
9,
0.
36
)
0.
04
(0
.0
0,
0.
16
)
−
0.
11
(−
0.
15
,0
.0
5)
−
0.
14
(−
0.
19
,0
.0
0)
−
0.
10
(−
0.
15
,0
.0
6)
−
0.
24
(−
0.
29
,−
0.
12
)
Re
su
lts
in
bo
ld
in
di
ca
te
a
p-
va
lu
e
<
0.
05
fo
r
di
ff
er
en
ce
in
m
ea
ns
te
st
ed
us
in
g
on
e-
w
ay
A
N
O
VA
ES
ca
lc
ul
at
ed
us
in
g
C
oh
en
’s
d.
ES
ar
e
in
te
rp
re
te
d
as
“S
m
al
l”
>
0.
2–
0.
5,
“M
od
er
at
e”
>
0.
5–
0.
8,
“L
ar
ge
”
>
0.
8
Hosking et al. BMC Public Health  (2018) 18:876 Page 7 of 14
scales of any demographic characteristic, showing
small but significant ES for all scales except Scale 5.
‘Appraisal of health information’. Private health insur-
ance was also the only demographic characteristic that
showed a significant ES for mean differences in Scale
1. ‘Feeling understood and supported by healthcare
providers’ (ES 0.27, 95% CI 0.21 to 0.34).
Figure 1 illustrates the relationship between highest
self-reported education level and health literacy scales.
Associations for Scale 7. ‘Navigating the healthcare sys-
tem’ and Scale 9. ‘Understand health information well
enough to know what to do’ were non-linear. Women who
did not complete secondary education and women with a
TAFE or trade qualification showed lower mean scores
than individuals who self-reported their highest level
of education as secondary education (complete) or a
university degree. Appendix Table 6 provides p-values
for trend across HLQ scales for both education level
and SES.
Figure 2 describes the associations between area-level
SES and seven of the nine health literacy scales. Scale 5.
‘Appraisal of health information’ did not show any asso-
ciation while Scale 2. ‘Having sufficient information to
manage health’ showed a non-linear trend (p = 0.05),
with SES quintiles 3 and 5 showing an association
with higher scale scores while holding quintile 1 as
referent. All other scales showed a significant associ-
ation, however, four of these associations were also
non-linear.
Table 4 shows associations between lifestyle and an-
thropometric risk factors for chronic disease. Having a
high BMI or waist circumference were both associated
with lower scores in Scale 3. ‘Actively managing my
health’ and Scale 4. ‘Social support for health’. Seden-
tary behaviour was associated with the greatest number
of health literacy scales of any lifestyle or anthropomet-
ric risk factor for chronic disease and adjusting for age,
education level or SES quintile did not change associa-
tions. A high alcohol intake was associated with higher
mean scores for two health literacy scales (Table 2). A
post hoc analysis revealed an association between age
and alcohol intake, with a greater number of women in
younger age groups (including women in their 30s, 40s
and 50s) more likely to consume alcohol above recom-
mended levels than women in older age groups (data
not shown).
Fig. 1 Prediction means (95% CI) for education level across health literacy scales
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Discussion
Women within this study displayed strengths and difficul-
ties across nine domains of health literacy with mean scores
varying across the HLQ scales. Sociodemographic charac-
teristics including older age, lower education level, lower
area-level SES, country of birth other than Australia, and
increasing number of chronic health conditions were all
associated with lower health literacy. However, regression
analyses revealed associations that appeared non-linear, be-
tween some HLQ scales and education level and SES
quintile.
Sociodemographic characteristics
Age and country of birth have previously shown strong as-
sociations with multiple scales of the HLQ in Australian
study populations [9, 10, 41]. However, our current study
showed smaller ES and associations in fewer health lit-
eracy scales for both of these sociodemographic charac-
teristics. Specific to country of birth, it is possible that
language barriers were driving the effect seen between
health literacy and country of birth in earlier studies,
whilst the small proportion of participants in our study
that did not speak English at home (0.7%) may explain
why our results differed.
Previous research has revealed inconsistent associa-
tions between health literacy and social advantage and/
or disadvantage. Associations between HLQ scale scores
and SES and education vary between studies, possibly
related to differences in the definition or measurement
of parameters of social advantage/disadvantage, for
instance income, occupation, highest level of education,
or having private health insurance [5, 6]. Completion of
secondary education and greater number of years in
education have both previously been associated with
higher HLQ scores [4–6]. Our study found a similar
relationship; however, we observed a non-linear relation-
ship, with similar health literacy scores observed for the
‘TAFE/Trade’ group and the ‘Secondary education
incomplete’ category. This suggests that education type,
in addition to time spent in formal education or comple-
tion of secondary education, may be important to health
literacy. This speculation is supported by data from uni-
versity students who undertook health-based degrees and
showed varying HLQ scores across the different degrees
[28]. Despite the fact that all participants in that study
were attending university and were therefore more
likely to have higher health literacy overall, the type of
degree studied was still associated with HLQ scores
Fig. 2 Prediction means (95% CI) for SES quintile across health literacy scales
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with the highest HLQ scores observed for medical stu-
dents and the lowest for nursing students [28].
The appearance of non-linear associations with area-level
SES in our study may potentially be due to the use of SES
quintiles derived from IRSAD data, which provide a greater
level of detail compared to other studies that employed, for
instance, 2- or 3-level measures of income [5, 6]. Given that
education and income variables form part of the aggregate
IRSAD values, it may also be that education level, more
so than income or other indicators of advantage/disadvan-
tage, are underpinning these non-linear associations. This
seems particularly likely in light of the well-documented
interconnectedness between education and income, and
the inextricable link between education, income and
health literacy.
Anthropometric and lifestyle risk factors
Previous research has shown a greater likelihood of
lower health literacy in individuals with a chronic health
condition [4, 30, 42]. This may be explained by higher
health literacy needs of individuals managing a chronic
disease, or low health literacy leading to chronic illness,
or both. We found associations between HLQ scores
and anthropometric and lifestyle risk factors known to
be associated with chronic diseases, suggesting that
health literacy may play a mediating role in the develop-
ment of chronic disease.
The exception to this was the association between
higher HLQ scores and alcohol intake above recom-
mended levels. These associations were seen for the same
HLQ scales which displayed an inverse association with
age. Thus, we undertook a post-hoc analysis to determine
whether age was inversely associated with alcohol intake
and, in keeping with previous research [43], we observed
that younger women were more likely to exceed recom-
mendations for alcohol intake. Together these results indi-
cate that associations between higher HLQ scores and
alcohol intake above recommended levels are likely driven
by age. These results are similar to a previous study of
Danish adults with diabetes in which no associations
were seen between alcohol consumption and the two
HLQ scales assessed, Scale 9. ‘Understanding health in-
formation well enough to know what to do’ and Scale 6.
‘Ability to actively engage with healthcare providers’,
after adjusting for sociodemographic characteristics, in-
cluding age [12].
While, associations between levels of physical activity
and HLQ scores have been seen in a small study of 36
women diagnosed with breast cancer [13], and in a
large (n = 29,473) population-based study of Danish
adults with diabetes [12], HLQ scales associated with
physical activity differed across those two studies and
also our current study. These differences may be due to
heterogeneous study populations and use of different
measures of physical activity.
Strengths and limitations
Our study has a number of strengths. We utilised a
population-based sample of women and a multidimen-
sional measure of health literacy that enabled us to
examine associations between specific aspects of health lit-
eracy and sociodemographic, anthropometric and lifestyle
characteristics. The use of objective measures such as BMI
and waist circumference are also a strength of this study.
A possible limitation of the study could be the under-
representation of women with low health literacy due to
the requirements of participation including the ability to
read and understand the invitation to participate, complete
questionnaires and attend clinical appointments. To
mitigate this bias, we made efforts to offer assistance
for completing questionnaires if needed. Similar to pre-
vious studies, we also avoided use of the term ‘health
literacy’ in all communications to avoid the possibility
that women with low literacy may have refused participa-
tion due to stigma or shame [33]. Data regarding smok-
ing, physical activity and alcohol consumption were
self-reported and are also subject to potential bias. Our
current study was undertaken within a geographically
defined area of regional Victoria, and thus results may
not be generalisable to the wider Australian female popu-
lation. Finally, this study focused on a cohort of Australian
women. Future research is required to investigate whether
similar associations exist in a population-based cohort of
Australian men.
Conclusion
We used a multidimensional health literacy tool to
describe the health literacy profile of a randomly se-
lected, population-based sample of Australian women
and investigate associations between health literacy
and sociodemographic, anthropometric and lifestyle
characteristics. Mean scores varied across the nine HLQ
scales indicating women in this study have strengths and
difficulties in different aspects of health literacy. We report
associations between lower health literacy and sociodemo-
graphic characteristics including lower SES, lower levels of
education, and having been born overseas. Unlike previous
studies, the associations we observed between health liter-
acy and education and SES were non-linear, potentially
due to the different measures of education and SES
used. We also demonstrated associations between low
health literacy and anthropometric and lifestyle risk
factors for chronic disease. Further research in large
population-based studies, using robust measures of life-
style risk factors is required to better understand the
relationship between lifestyle management of health
and health literacy.
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Appendix
Fig. 3 Distribution of HLQ scales
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